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1. Introduction.

At present, there exist two at first sioht aiternative theoretical con-
ceptions concerned with a description of interaction nrocesses of hiah and
superhigh eneray hadrons. One of them is the theory with renormaroun critical
pomeron {RCP) [1-4] ( c{.P(O) =4 ), the other - with supercritical
{olp (0)=1 ) - froissaron [5-7] .

Both theories are based on quark-qluon picture of strong interactions
which allows one to reach a substantial progress in understandina the hadronic
jnteractions at larqe distances where the NCD verturbation theorvy is inapplic-
able (see, e.q. [6]).

Together with P-pole exchanae {cylindrical diaaram), both theories take
into account also n -pomzion branchinas which in the case with PCP make
a large contribution to the pre-asymptotic eneray reaion, while in the case
with froissaron they contribute essentially tq'tﬁe asymptotic eneray recinn,

The present work fs concerned with a comparison of the both models to
each other as well as to experimental data at medium, hiah and suoerhiah
energies. At energies more than Ep.e > 1011 GeY the contributions of the
hard processes to total cross sections will most probablv dominate over the

soft ones and both models will become practically inapplicable. However



such energies will hardly be achieved till the end of the current millennium:
therefore our investigation will be restricted to the energy reaion

§' €25 (E =EnS/So) . where the contribution of the hard processes
may apparently be neglected so far.

Qur optimism apropos of the idea that one and the same theory can be
applicable 1n a glant energy range 10 £ Eeqg € 101'J GeV 1s exnlained by
the fact that g which varies only from 2.5 to 25 {s a characteristic
parameter of theory rather than £. Qur assertion is that theory which is
applicable at g =~ 10 must be applicable at g ~ 25 tno.

The comparison between the two models shows that both RCP and froissarcn
describe almost equally well the whole at present existing set of experimental
data on hadron-hadron interactions. although the theory with RCP looks some-
what more preferable. Essential differences in the predictions beain to mani-
fest at g > 16, but in case of hadron-hadron interactions they are not of
principal nature, and some variation in the model parameters will allow one
to make both theories coinciding at least uo to '§ 2z 22. and this will
entirely overlap a practically accessible eneray reaion. The principal dif-
ferences between these theories beoin to disolav only in the consideration
of hadron-nuclear interactions which will just serve as a aood test for
choosina a correct theory.

Recently, there were published new results [8—10] on experimental study
‘of inelastic cross sections of cosmic energy protons interaction with the
air atomic nuclei which overlap a suff?cientiy wide eneray reaion up to

‘g = 22. Therefore of great interest is the comparison of these models
in cosmic energy region, which Sect.3 of the_present work is concerned with.

In Sect.4 we caFry cut a comparison between the models predictions and
the experimental data for hadron-hadron interactions. A1l possible character-

istics of elastic scatterinag are considered: total cross sections, slopes of
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the diffraction cone, elastic and inelastic cross sections, etc.

Sect.5 deals with theoretical predictions for hadron-nuclei interactions-
their comparison with experimental data is carried out.

In Sect.6 we show possibilities existing in each of the models to improve
their agreement with the experiment.

At the end of the work we give a table of predictions for the future

accelerators.
2. Elastic Scattering Amplitude.
a) Renormgroup Critical Pomeron - RCP.

Consider firstly the theory with renormgroup critical pomeron. It is
based on Reggeon field theory (RFT) with account of pomeron production thres-
holds. The RFT was exhaustingly considered in Refs [1,11,12] . Obtained in
these works pomeron Green function proved to be very suitable for theoretical
description of hadronic interactions at superhich enerofes and was used [2-4]
for description of total cross sections, slopes of the diffraction cone,
differentfal cross sections and other characteristics of elastic hadron-
nuclei and hadron-hadron interactions.

It was shown [1,4] that at low energies, RCP smoothly turns into Reaaeon
perturbation theory which describes well all features of the rich experimental
materfal existing at Tow and medium enerafes (see, e.a. {13] ).

The main difference between RCP and other field theories (e.a. OED or
QCD) 1s that at any finite energy a finite number.of verturbation theory
diagrams contribute to scattering amplitude. This is due to the fact that
there exists a threshold emergy below which pomeron doesn't exist. Mence we
have a perturbation theory over three-pomeron couplina constant L, . in
which the number of diagrams at any given eneray is limited beina determined
by value of energy. With increasing energy, the number of diaarams benins to

>



grow in an avalanche-1ike way, and the perturbation theory becomes practically
inapplicable; however owing to this latter, it becomes possible to use the
CP obtained in Ref. [1] .

As was shown in Ref. [11] » the "bare” value of pomeron intercept must
2xceed unity by some value | Age| ;3 then, after renormalization, the
intercept value becomes equal to unity. This case just corresponds to critica?l
pomeron, In case when the intercept "bare" value is above 1+ | Aee | ,
the renormalization cannot decrease the intercept down to unity and this
corresponds to supercritical pomeron. When the intercept "bare" value

ol <1+ | Aogel , the renormalized intercept 1ies below unity and
corresponds to subcritical pomerori case. The experimental data analysis shows
that the version with olo< 1+ | Ag.| does not correspond to the experiment
data. So the versions with ol > 1+ |Aoc| remain. At medium and high
energies the pole amplitude in both versions behaves as S4 . At oo =
=1+ |Aocc| when S—oo |, A—= 0 , the amplitude turns to the
critica) pomeron regime and behaves as ~ §°’Z77 . When oo>1+ Al
at S —=°° , the amplitude turns to the froissaron reaime ~§2. I.e.
the differences between the models start to display only at very hiah eneraies

§ 2> 16. In the case of critical pomeron A ge-critical can be obtained
from the following equation {1] _
02 g 3580 [ priekoloc]
Aoc =~ 16kl - §obec {

Eil-2(1+%,00c)] -

- géleleep, (~45, A,c)} :

From the experimental data amalysis [13] ;le have: 1?,-0.36:0.1 and §° ]
= 2.5:0.5, this giving [Accl = 0.01820.002.
The methods for obtaining_the amplitude with a sinale RCP were often
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discussed being referred to in many works [1-4] ; therefore we shall aive
here only final results without going into details. The imaginary part of the
amplitude with a single renormalized renormaroup critical pomeron exchange
has the following form:

ImM®(E, k) =p(5)C

-xa(t)
* ?Fz(g’x)’ (1)

where

B(8) =9, 9. 04784 §>%7F4 (8),

X = 0,407 Et.taaKz . & =8n(%°) ;K= -t (2)

X~- 1s a new scale variable, corresponding to transferred momentum, 91292
wre vertex functions of pomeron-particle coupling. Fi(§) , Fz(g,x) and
Q(%) are scale functions determining the amplitude eneray and t-denendence.
A11 these functions were theoretically defined and calculated in Ref. [1].
In the low-energy region we have Fy(§) ~ § %77 ghec and
a(s)~ §-1’13~9(R2+d-', §) . 1.e. amplitude (1) takes its usual pole
form. At high energies the scale functions have a very compliex structure
which was calculated in Ref. [1].

In Tow- and high-energy region an essential contribution is made by am-
plitudes with RCP re-scattering on each other. In the reaion of asymptotically
high energies the contributions of the branchings die out and the scatterina
amplitude enters the asymptotic regime ~~ §°’277 . But in the reaion of
practically accessible energies we are interested in, the contribution of the
branchings 1s very large and provides a high rate of total cross sections
growth, of the order of Ez .

So long as a highly essential contribution to RCP is made by the highest-

\\
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order branchings, then to apply the method of exact summation of quasi-eikonal
series determined in Ref. [14] rather than a usual quasi-eikonal model used
in Refs [2,3] would be much more correct. ‘

The diffraction excitation of hadronic states with small masses -

M £ (2 ¢+ 3) GeV 1s approximately taken into account along with elastic
re-scatterings in quasi-eikonal models. In a usual quasi-eikonal model this
account is carried out correctly up to the fourth-order branchino; as to the
highest-order ones, they are calculated with larae errors. However, when the

value of the pole efkona?’

$(¥) =X
Z~.§_(.E)_, where .H(E)- K2 a(?)

is not too large, the highest branchings contributions are small and a usua?
quasi-eikonal model can be used. When Z 1{s larae, one should aoply the
vethod of quasi-eikonal serfes exact summation which takes into account the
1ighest branchings contributions correctly. In RCP at high enerqies 2Z de-
creases as §'°’862 and the usual gquasi-eikona) model becomes applicable
already at ’g > 18. In the supercritical pomeron theory an inverse situat-
ifon can be observed: 2 grows with increasing energy and at superhich
energies the usval quasi-eikonal model becomes inaoplicable.

The use of the method of quasi-eikonal series exact summation allowed us
to increase considerably the pomeron-particle coupling constant gz .

Instead of 6.71 1in Refs [2-4,13] , it took here the value
2 -2
g = 10.8 + 0.05 (GeV/c) (3)

111owing to increase sharply the rate of arowth of total cross sections at
supertigh energies and leavino the reaion of Tow and hiah eneraies unchanged.

The resulting elastic scattering amplitude describes well all existina experi-

8




mental data on total cross sections, slopes of the diffraction cone, differ-
ential cross sections and other characteristics of hadron elastic interactions
in a wide energy range from the threshold E,= 2.5 (E =5 10 GeV) up to
SPS-collider energy § = 12.58 as well as gives predictions for all

practically accessible energies.
b) Supercritical Pomeron - Froissaron.

We have taken the form of the scattering amplitude in the supercritical
bomeron theory from Ref.[6] . The total cross section and slope of the dif-

fraction cone at t=0 4{n the usual quasi-eikonal model are determined as

follows:
Tt (g) = Tpf (2/2) (@)
20p A
B(¥,k*=0= gwacey f:(2/2), (5
where
)\P = R® +d,§
and
C
Z= ——————zl:’ et (6)

is the pole quasi-eikonal defining the relative value of successive re-
scatterings, G;, = 851’6’96“ , parameters 'KP = 8,(0)9.(0) ard
R?= Rf’ + Rg characterize the hadron-p&neron coupling vertex, and the

shower amplification coefficient C has the form:
0-8)0

7
P (7

C=1+
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where qu is total cross section of the diffraction dissociation.
The data processing of the experiment with 6°°° ang d6 /dt

has given for PP and ﬁp scattering the following parameter values !_S]:

¥p = 3.68 (Gev/c)? ;  R®= 3.56 (Gev/c)? ; C=1.5;
(8)
Axolp(0)-1=0074003; olp=0.25z20.1 (6ev/c)Z.
Recently, a new set of parameters was obtained:
o= 2.420.03; R%= 3.30 + 0.02
(8a)
A =0.12 +0.02 ; oLp = 0.22 + 0.02 .

The calculations were performed for the both sets of parameters. The
set (8a) provides a better agreement with the experiment.
The cross section G;, of the elastic scattering diffraction orocesses

and diffraction dissociation in the usual quasi-eikonal model is written in
the form:

0o §) = Op [§(2/2)-F(@)]; TE=G(®)/c;

= (-z)"! = 2! (9

¢ = TEaE); FE)=-Z T f@=Z ST

At Z~>co when Z>»1{ and F(2/2) :en(xez/a)/(Z/a), -
where §g = 0.577 1s the Euler constant; the interaction total cross
section defined fn (4) will grow as gz

tet _ 6T Clpldey _ 8TdlpA 2
g —-C_AP(gA"'E" RP ~c E’

{.e. reaches the froissaron regime.

10
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It should be noted again that at Z > { the usual quasi-efkonal for-
mulae (4) and (9) become tnapplicable, so the calculations will have to be
carried out by the formulae of the method of quasi-efkonal series exact
sunmation from Ref.[44] ; hence the possibility of achievement of froissavon
1imit becomes not so obvious. Besides, formulae (4)-(9) are obtained taking
into account only non-amplified RCP dfagrams. At superhioch energies the con-
tribution of amplified diagrams becomes rather essential despite even relative
smallness of three-pomeron constant ‘T . The account of all these factors
must change essentially pre-asymptotic behaviour of theory with supercritical

pomeron.
3. Hadron-Nuclei Interactions.

In the energy region 10 < "g < 20 we are interested in, there exist
only measurements of 0}£:3: -fnelastic cross section of proton-nuclei
interaction on the air atomfc nuclei, obtatned from the cosmic-ray experi-
ments (8-10] . Despite the fact that these data contain monstrous errors,
nevertheless they indicate the general tendency of the cross section behavior
and can help us to make a choice of a theory describing the experimental si-
tuation more adequately. For that, one shoﬁld first describe the cross sectfon

(F;T::i ftself, and second, extract from experimental data on the air
atomic nuclei the total cross sections of proton-proton scatterina, (T}:ft ’
in both theoretical models. The procedure of this extraction was described
in detail in Refs [2,3] , so we shall present here 5nly its basic moments,

Using the formalism of multiple scatterinﬁ theory [15] with a correct
account of increase of pb;-interaction diffraction cones slobes, sne can

obtain the following expression for inelastic cross section of proton-nuclei

fnteraction (2] :

11
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tot

© Alen __ B
Tprod Z“SBdB[’ ext, {~ zagmn P (- 28 rr)*
‘ (10)
eE 2
A Ton (2 ]
* 7 (erern OF \TBe R Ak
where
X A
exp {x}=(1+%)
For deriving (11) we have used the Gaussian parametrization for one-
particle nuclear density [16] :
22
e’ R (11)

pL)= J'_R)-" ’

this being quite justified for the air atomic nuclei ( E = 14 4),

While calculating the cross sections under consideration, we carried out
also the account of the correction szod connected with tnelastic
channels (diffraction dissociation) [17] . Besides that, in the experimental
data analysis we took into account the specificity of the corresnondina -
cosmic-ray experiments leading to some underestimation of measured cross

3 "
sections by the quantity of AU ®* (accordina to [17] AGCY% 15 + 16 mb).
4, Comparison with the Hadron-Hadron Interaction Experiment.

Before proceedina to a comparison’ of theoretical predictions with experi-
mental data, we'd 1ike to make some preliminary remarks. Note that at eneraies
above 1000 GeV the characteristics of pp " and ﬁp -interactions nractically
coincide. Therefore we shall compare in what follows the data on ﬁp -inter-
action at SPS-collider eneraies to those on pp -interactions at lower
energies. A1l experimental data.used in the present paper are taken from

12
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efs [18-28] . In a1l figures given in this paper three curves are plotted -
solid one refers to the RCP theory, dash-dotted ones - to the model with

supercritical pomeron, with sets of parameters (8) and (8a).

tot
a) Total Cross Sections G'Pp

Fig.1 presents total cross sections of pp -interaction at Epug from
10 to 1012 GeV. Both models describe equally well the reqion of medium and
high energies and practically coincide up to §< i5.

The cross section given by critical pomeron first grows very quickly:

~ Ea s at SPS-collider energy ( g = 12.58) it reaches the value of
62.2 mb; the experimental value fs 61.9t1.5 mb. At ¥ >15 (E, 310" GeV)
the growth rate begins to slow down gradually turning then to asymptotical
one ~ Eo,zﬂ’

In the froissaron case the best agreement with experimental data 1s pro-
vided by the set of parameters (8a). The cross section at this set of parame-
ters grows quickly from the very beginning and achieves 62.4 mb at the collider
energy. At ‘:S- 2 15 1t begins to exceed the cross section given by RCP
and turns to its asymptotic regime ~ Ea. The parameters set (8) provides
much slower growth at § = 12.58; the cross section in this case is
57.2 mb. Entering to the asymptotic regime occurs at g; 25 (Eu‘ b4 IOHGeV;.

In the region of comparatively low energies ( E < 15) the cross section
in the froissaron theory behaves as ek‘* » while in the RCP theory as

g-”- . With fncreasing energy froissaron transfts to froissaron reaime ~ §'2 .
while RCP into pole regime ~ '§°'z77. The essential difference in the cross
sections given by these mode!§ appears only at S > 20 (Em> 109 Gey). 1.e.
tota'l\ cross sections cannot serve as a test for choosing a correct model. Note

that at E > 15 the quasi-eikonal formulae (4)-(9) for froissaron become

'napplicable.

13
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b) The Slope of the Diffraction Cone b( § ) at -t < n.1.

Fig.2 presents the slope of the pp-interaction diffraction cone at
-F < 0.1 Gevz. One can seé that both models describe well the experimentally
observed growth of slope 5(?) though both curves with froissaron at § =12 e
somewhat higher than experimental points. The new, more orecise data of SPS- -
collider give the value 15.2 + 0.2 (GeV/c)'z. The theory with RCP at this
energy gives 15.7, while with froissaron 15.6 &+ 1€.4 (GeV/c)'z. Ibidem is
shown also the corridor of theoretical errors due mainly to the fact that
the value of the pomeron "bare" siope 06;;(0) is defined insufficiently
well. In RCP, from the comparison with experiment at low enercfes, we have

oC} (0) = 0.4 + 0.5 (GeV/c) 2. The corridor upper boundary refers to 0.5,
while the lower one to 0.4. At eneraies less than the SPS-collider ones the
uncertainties of all parameters compensate each other and the error corridor
is therefore very small; with increasing energy it beains to extend ranidly.
For precise fixation of all parameters the experiments on slope measurement
are necessary, at least at one more enerqgy value of the order of =~ 20,
The error corridor presented in all the rest figures is due mainly to un-
certainty in OC; (0) . A similar corridor exists also in the theory with
supercritical pomeron where OC;(O) =0.25+0.1 (GeV/c)'?, but we won't
show it in the figures lest the drawings should be-overloaded.

The diffraction cone slopes in the RCP theory grow very auickly exceeding
considerably the froissaron theory slopes which come out to asymptotics ~‘§"
only at energies E > 30. The asy‘rnptotic rate of the slope arowth in RCP
is ~ §1'139 being reached already at ‘g » 15,

c) The Ratfo ¢ = ReM(§,0)/ImM(§,0).
Fig.3 presents the ratio of real to imaginary parts of the pp-scatterina

14




amplitude at t = 0. As shown in Ref. [29] , at hioh energies the relation

_ ReM(§0 1 T d o tet (12)
p(¥)= ImM(E,0) S-= Twi(p) 2 d% (%) -

is valid. At t # 0 1t was shown in [29] and [30] that at hioh eneroies the

relation
ReM(s,t)= ReM(§:0) - (¢ ImM(§:t) . O

must take place. At E < 1000 GeV the perturbation theory formulae were
used, in which ReM(¥,t) was calculated directly from sianature multi-
pliers. Thus obtained ReM (k,t) acrees well in this reafon with the
results obtained from formulae (12) and (13) and describes well the experi-
mental data.
At SPS-collider enerqgy the RFT aives © = 0.136, while frofssaron
9 = 0.134. On asymptotics' both theories give a decrease 9 ~-1§-
However the curve corresponding to froissaron 1ies considerably hiaher than

the RCP one.
d) Elastic Cross Section G’ee(g)-.

Fig.4 presents the elastic cross section of pp-interaction. In RCP model
it was calculated in the form of the intearal over t from dd/dt
obtained in Ref. [4] . The agreement with existing experimental data 1.;, qood
at all energies. The error corridor is due to ugce}'taintv in the quantity
oL (0) ) |

The elastic cross sectfon i{n the supercritical pomeron model was calculau
ed by formula (9). The agreement with the experiment here is much worse.

In RFT this cross section turned out larger than the one obtained from

15



approximate relation

TECE) = (1+ 91, /1678(8), o

which points out an essent'la'l contribution of reaion of large transferred
momenta.

At 5PS-collider energy the experiment gives the value G'ee =]13.31+0.63 mb.
In the RCP theory we obtain a—eB = 13.19 mb, while in the froissaron one
G . 9.73 « 11.9 mb. The behaviour of G % in these theordes fs essen-
tially different on asymptotics. In RCP 1t falls off as g-o,sas , while
in froissaron it grows as §2 and tends to its asymtotic 1imit
gt — Fatt | nrep T begins to fall off at % > 20,
while before that it grows as Ez .

Fig.5 presents the ratio G'ee/ 0t | As was shown in Ref. [3n].
this quantity 1s crucial to clear up the question: Which of the two theories
does work more correctly at superhigh energies? From (14) we have

a et _ gtet (k) -
ctot 168 (¥)

In RCP theory at asymptotically high energies this ratio behaves as E ~9,862 :

in supercritical pomeron theory we have a / a tot "’2‘ but at § =30
we have only 0.235¢0.26. In the region of praztically accessible enerqies

an inverse picture is observed: up to Es 17 G"'c and G"e/d't"t
in RCP grow much more rapidly than in froissaron, afte‘r which RCP beains to
fall off gradually, while frofssaron goes on growing. Therefore the conclusion
of A.Marten [31], that the value 0.215:0.005 obtained on SPS-collider

which is larger than 0.18 obtained on ISR rejects the RCP theory, is incorrect.
A.Marten believes that in RCP the ratio U'ee/a't"t must fall off already

at E » 8; this 1s wrong since in this statement he does not take into

16



account the contributions of branchings which change essentially the whole

picture. Owina to their contribution this ratio beains to fall off onlv at
E > 18, While at SPS-collider energy the RCP aives the valye
Cree//E5t°t = 0.215, this beina in strikinn agqreement with exnerimental

value 0.215:0.005 as distinct from the value G'ee‘//d'“t = 0,178

given by froissaron.
e) Inelatic Cross Section

Fia.6 gives inelastic cross sections of pp-scatterina for RCP and fro-
issaron; they were calculated by the formula
in _ tot et (15
6 (g)=6""(§)-67(k).
One can see that both models aaree well to each other and to exnerimental
data.
On the collider the value ©'" = 48.6:2.1 mb was obtained. Tn RCP

G- 48.16 mb, and in froissaron ©'™ = 46.75 &+ 50,47 mb. On the

asymptotics in RCP 6'"~ Eo.a‘n , while in froissaron ©6'" ~ ga

s 4nB(§)

f) The Ratfo ¢ (§) =45 TEE(E)

Fig.7 presents the ratio

Js  4né(§) )
C(E)'_' op G't°t(§) ’ (e

A.B.Kaidalov has shown in [32] that the shower amplification crefficient (7)
is connected with total cross section and slone by reiation (1f) which must
be valid in the reaion of medium and high eneraies. At non-sunerhich eneroies

this leads to a simple qeometrical picture of scatterino on narticle as on

17
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"grey" ball of radius R~ 1/@ , and what 1s more essential, its
“grey color” is unambiguously determined by quantity C(g) .

One can see from the figure that at medium energies C (§) 1s a con-
stant and C = 1.5, which agrees well with formulae (7) and (8) for
the model with froissaron. However at SPS-collider enerafes we have

C = 1.203 + 0.016, this obviously contradicting (B). Hereafter one can
conclude that in the supercritical pomeron theory the shower amplification
coefficient must be a function of energy and have the form shown in Fig.?7.
This 1s apparently one of the simplest ways to improve the froissaron model
for a better agreement with experimental data.

In RCP theory for this ratio at collider eneray we have 1.255, while in
froissaron 1.223 » 1.406. On asymptotics in RCP this ratio arows as §°:”2 .

while in froissaron 1t tends to 1/2 and can therefore serve as a test for

the choice of theory.
g) Partial Amplitude in Impact Parameter Representation f( § , b).

- In order to make clear what is the main difference between both models,

let us consider the partial amplitude f( £,B) 1in the representation of
the impact parameter 6 , which is defined from the following condition:

._’-.

M5 = (™ §(5,8) S

In the supercritical pomeron thegry in the usual quasi-eikonal model

f(§,8) has a very simple form:

f(§'8)=z_:.c—-(ecx“’g)' )

(1

(18)

where X (B,&) 1s the pole efkonal
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In the RCP model, using the method of exact summatfon of auasi-eikonal
series we have
[4}

a0l =[5 Z Frl.=at€ -1 , 19)

n=1

N>

where ;F\ and 7,‘< are 4x4Amatr1ces, and fndices 11 denote that one should
take element 11 of matrix f . We won't write out here the exact form of
? and X for they are rather cumbersome.

The results obtained for (§,8) are aiven fn Fia.8 as functions of

E at B =0;5and 10 GevZ

At the top of the figure there are gfven the values of f(s, E) at

3 = 0, which corresponds to "non-transparency" of the nucleon central part.
In froissaron the "non-transparency" uniformly grows with increasing eneray
and reaches its 1imiting value equal to 1/2C at gzao. This corresponds
to scattering on a ball with constant "grey color” ~ 1/C. In RCP the situ-
ation 1s much more complicated: at Tow energles the central part of the
nucleon rapidly “turns grey" and achieves its most "transparent” value at

§ & 8; at further energy increase the centre begins to "darken" rapidiy
and achieves its “blackest" value at §z 16; then again beains "lightenina"
and  §(0,§) reaches its asymptotical regime typical for RCP-scatterina
on a “grey" ball whose "transparency” grows with increasino eneray, but the
radius grows even more rapidly. The "transparency” arows as go'”z , ana
squa;'ed rad‘lds grows as gmag » therefore total croﬁs sections on
asymptotics grow as Eolaﬂ . In the whole energy reqion £(0,8) in
RCP behaves as C”' determined in fornula (16). This points out that the
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method of quasi-efkonal series exact summation is eauivalent to the account
of shower amp]ificatidn coef_ficients as functions of E .

At the bottom of the figure £(B,E) at 6 = 5 and 10 are shown, One
can see that with increasing energy the interaction radius arows more rapnidly
in RCP than 1n froissaron; yet at very hiah energies froissaron outruns RCP,
One can say that at asymptotically high enerales RCP corresponds to scattering
on a ball with smeared edges which "turns grey" rapidly w‘!th increasing
energy, but its radius grows even more rapidly.

Froissaron in the whole energy range corresponds to scattering on a
“grey" ball which rapidly "blackens" and achieves some permanent "arey color”
at g > 30. Its radius arows firstly relatively slowly, but at asymptotic
energles 1t grows as Ea . The whole szatterino pattern then looks as
scattering on a ball with constant "arey color" havina sharp edoes with a
radius increasing as g’- , this just leading to saturation of froissar’'s

Timit.
5. Comparison with Hadron-Nuclei Interaction Experiment.

, Fi1g.9 presents theoretical curves describino G’Pt:‘;: in both theories
considered. Experimental data are taken from Refs {8-10, 33] . The solid
curve refers to renormgroup critical pomeron. The .unper dash-dotted curve
refers to supercritical pomeron with parameter set (8a), the lower one -
with parameters (8). One can see that up to g; 25 both theories describe
the existing experimehta] material rather well and oractically coincide to
each other, Both critical and supercritical (with parameter set (8a)) pome-
rons pass through the FIAN points [16,33] » along the lower edae of FUJI
corridor, through the middle of Akeno corridor and directly throuch the
"Fly's Eye" point. At §> 16 froissaron begins to exceed the cross
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section given by RCP.

Note one interesting circumstance: Fig.l presents Cﬁ;?t for both
models; the predictions of the froissaron theory there achieve and exceed
the corresponding predictions of the RCP theory already at E > 16, As to
the scattering on the air nuclei, the curve corresponding to froissaron is
systematically lower in the whole interval 15 < % < 25, This is due to
the fact that though total cross sections in froissaron at § > 16 1e
higher, the slopes B (E) 1ie considerably below the slopes in RCP. In
what follows we shall explain this phenomenon at greater lenoth,

Figs 10 and 11 present total cross sections of nn-interaction in theories
with critical pomeron and froissaron (with a set of (8a) parameters), res-
pectively. Ibidem are given results of extraction of pp cross sections from
experimental data on photon-nuclei interaction on the air nuclei at cosmic
energies. These results are obtained using the method described in Sect. 3.
Circles with arrows denote those values of extracted noints whiﬁh 11e above
the unitary 1imit for thg given theory. One can see from the fioures that
both theories agree with those marked points equally well, At the same time
it 1s clear that the cosmic-ray experiments reauire a more rapnid arowth of
the diffraction cone slopes than one the both theories are able to aive.

The theory with RCP in this respect looks as a more preferable one.

Figs 12 and 13 present the diffraction cone slopes in theories with

¢ritical pomeron and froissaron (with (8a) parameter set), respectively,
The experimental data given in these figures are conventional, but they are
helpful to understand the general tendency of the slopes arowth. These data
were extracted as follows: 1t was assumed that the pp-scattering total cross
sections have exactly the values given by the theory; using these values bv
means of the above-given scheme, the corresponding values of slopes

were extracted. Thus obtained slopes are just given in Fias 12 and 13 in the
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form of experimental data. It is seen from the figures that the required
growth of slopes must be much more rapid than that given by both theories:
however slopes in the critical pomeron theory satisfy the cosmic experiments
requirements much better,

Fig.14 presents the partial amplitude f(B, E) in the representation
of impact parameter B at B = 0; 10; 15 and 20 Gev’z, as a function of

g , being obtained on the basis of expression (10). The solid curve refers
te the theory with renormgroup critical pomeron, while the dash-dotted one -
to supercritical pomeron with a set of parameters (8}.

An attentive study of this figure together with Fig.8 exhaustingly ex-
plains the result that a small difference between both theories in case of
pp-scattering induces some discrepancy between them in case of scatterina on
nuclei.

In case of scattering on proton, at B=0 1in RCP we had a rather compli-
cated twisting curve which at g > 16 fell off as §-0,862 , what cor-
responds to rapid growth of transparency of the nucleon centre, At scatterine
on the atr nucleus we observe a smoothly growina curve which already at

g = 15 achieves a 1imit of absolutgly black ball. The same form has the
curve for theory with supercritical pomeron. However in theory with RCP a
very slow "greying” of the nucleus central part begins after §> 30. The
rapid blackening of iae ~izleus ceﬁtre in RCP is explained By the fact that
radit of nucleons that constitute the nucleus- arow very rapidly with in-
creasing energy and dasp. i: the fact that each individual nucleon "turns
grey” relatively rapidly, nswr~i'.clees the nucleus centre remains constantiy
black in a wide energy range 15 < E < 45, Hence at scattering on
nucleus the contribution from the nuc?eus.central part to the cross section
will be the same in the whole ranae in both theories. .

Consider now the other values of the impact parameter. It is seen from
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the figure that the nucleus radius in RCP grows much more rapidly than in
froissaron, but the peripheral part of the nucleus in RCP at ’§ > 25 is
much more transparent than in theory with supercritical pomeron. Therefcre
at E < 25 the total cross sections in RCP on the air nuclei will be
larger than the cross sections with froissaron. However at E > 25 the
nucleus radius in froissaron begins to grow as gz; this latter toaether
with constant "blackness" of the nucleus central part provide 2 more rapid
growth of nuclear cross sections in theory with froissaron at §7 25,
The account of corrections connected with inelastic channels does not chance,
in principle, the train of our arguments.

From all this consideration one may conclude that tae rapid orowth of
cross sections on nucleus in theory with RCP up to §< 35 1is due to the
fact that slopes in RCP grow much more rapidly than total cross sections.

Biet ~ §O77,wfle B(%)~ WO

In theory with supercritical pomeron the picture is inverse. One can see
from formulae (4) and (9) that total cross sections in this theory will al-
ways grow with outstripping of the slopes growth, Though both 5;;t and

E(E) on asymptotics behave as Ez , this regime for G’Pt;t will begin
always sooner. This 1s an inherent property of theory with supercritical

pomeron, which cannot be changed by any theoretical tricks.
6. Possihilities of the Models Improvement.

Both models have some reserves to improve and vary their pre-asymtotical
behaviour in the range of practically accessible energies 10 < § < 25,

Consider first the possibilities for RCP. First of all the values of
vertices of nucleon diffraction dissociation as well as the values-of vertices
of mass non-diagonal transfers should be verified for they are necessary for

exact sunmation of quasi-eikonal series. .For the present work these vertices
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were taken from Ref.[13] 1n which they were apparentlv underestimated. If
they turn out larger, this will allow still more to increase 92 . which
4111 result in essential enhancement of growth rate for all elastic scatter-
ing characteristics and postpone RCP from *symptofic reaime. Besides, func-
tons CL(¥) and Fo(§,%) determinine t-denendence of amplitude need
‘erification. Thelr exact calculation will allow one to improve essentially
he description of d6/dt and G in the RCP model.

The supercritical pomeron model also has manv possibil{ties for heina
improved. First, one should take into account the enerav dependence nf the
shower amplification coefficient C . Second, the account of correct
t-behaviour of residue functions will help to describe the nre-asvmototic
region more correctly.

In the model with supercritical pomeron one should take into account
also contributions from enhanced diagrams which can chanae substantially
pre-asymptotic behaviour of theory.

Let us consider what experiments on future accelerators (SSC. LHC) could
be critical for the choice of correct theory. Colliders with enerav

J8& ~ 20 and 40 Tev ( E = 19.8 and 21.2) will appear in the nearest
future. The table iists the values of interaction characteristics for both
theories at the energies of S = 30, 52, 62, 100, 250, 550, 2000, &N,
10000. 20000, 0% and 40000 GeV. .

Measured at &i sad 40 Tev Gt  and B(¥) most orobably will not
be able tc set up « “T=r ncas between the théories: however they will allow
to determine their parazatzrs more précisely as well as remave large Prror
corridors in the predictions Measurements of G’ec and CFBE/’CTt°t
will already allow one to draw some conclusions. If cree and Crei/CTt°t
turn out to grow considerably slower thah ga . 1t will become a strona

argument in favour of RCP thcory. if it turns out that yet thev arcw ranidly.
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then again the question will remain open, since some improvement of RFT will
allow to achieve such a growth,

Summarizing all stated above, one can say that even at such enercies one
will apparently fail to find a reliable answer to the quesion: "What theory

does work after all at superhigh energies?”

In conclusion the authors would 1ike to express their sincere gratitude
to A.Ts.Amatuni, S.G.Matinyan and E.A.Mamidjanyan for their support and
permanent interest in the work, and also to K.A.Ter-Martirossyan, A.B.Kaida-

lov, A.P.Garyaka and A.E.Nazaryan for the useful discussions.
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Table

‘Ig (-] el in
GeV § G'tot 3 [y G ¢ Gﬂ/‘—ht a C
T 30,24 1 12 1T [0.0375 | . .37 | 0183 [ 32.86 [T.007
30 | 6.8
- 42,851 | 12.73 [0.0518 [ 7.816 | 0.1830 | 3465 | T.769
52 | 7.9
43,37 | 12.96 | 0.0611 | 7.974 | 0.1820 | 35.35 | 1.2€67
62 | 8.25
B 42.55 | 12.42 - 7.037 | 0.1654 | 35.51 |1.431
36.03 | 13.50 [ 0.0893 | 8.581 | 0.1864 | 37.25% | 1.42%
100 | 9.21
46.53 | 13.08 - 7.965 | 0.1712 | 38.57 |1.378
53.53 | 14.77 | 0.128 [10.678 | 0.1995 | 47.85 | T.357
250 |11.04
54,94 | 14.43 - 10.017 | 0.1823 | 42,93 |1.7287
62.05 | 15.80 | 0.136 [13.812 | N.2167 | 2B.¢4 |1.288
550 |12.62
63.03 | 15.67 |0.134 [12.083 | 0.1917 |50.95 [1.219
§9.22 | 17.38 [0.129 {15.176 | ©.2197 | 56.05 |1.200
1000 |13.82
69.70 | 16.67 | 0.130 ]13.841 | 0.1986 | 55.86 |1.172
} 77.62 | 19.45 1 0.112 [17.045 | 0.2196 | 60.57 | 1.228
2000 | 15.20
78.02 | 17.90 | 0.125 [16.092 | 0.2063 | 61.93 | 1.124
87.81 23.03 | 0.0857 |18.4248 | 0.2008 | £9.39 | 1.286
5000 | 17.03
86.97 | 19.64 | 0.119 [19.412 | o0.2158 | 70.56 | 1.070
94.3% 1726.20 | 0.0666 | 18. —0.1982 | 75.66 | 1.361
10000 | 18.42 _
1 1e9.r ) 21,05 0.114 l22.176 | 0.2220 | 77.55 | 1.035
T 19683 T ER.90 | 0.0515 | 18.9687 | 0.1901 | 80.85 | 1.419
20000 | 19.81
_ 1 dweio | 2:.56 1 0.110 [25.158 | 0.2280 | 84.94 | 1.004
- 102 57 T 3%.33 [70.0485 [ 19,091 | 0.1%61 R ;
30000 | 20.62 :
116.45 | ...48 | 0.107 |27.000 | 0.2318 | 85.45 | 0.988
105,02 7 0. 19,131 | 0.1832 | 5.20 | 1.271
40000 ! 21.19 ;
118,92 | ...t | 0.106 |27.716 { 0.2331 | 51.20 | 0.982
——— A | -

In each 1ine the upper numbers refer to RCP, the lower ones - to frois-

saron.
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